INTRODUCTION
Prediabetes is a condition described by impaired fasting glucose, and impaired glucose tolerance [1] is characterized by elevated glycemic variables but not reaching diagnostic criteria of diabetes. [2] Although long-term complications associated with diabetes are well-known, researchers today have found that long-term damage, especially to the cardiovascular system, starts early in the prediabetes period. diabetes progression. [9] Furthermore, studies have shown that diets rich in omega-3 fatty acids improve insulin sensitivity (IS) and glycemic control. [10] Flaxseed is a well-known seed due to its excellent source of lignan and n-3 fatty acid. Its lignan, secoisolariciresinol diglucoside, is an active ingredient, with antioxidant effect. [4, 11] Flaxseed as a functional food [12] could increase fiber content, antioxidants, and omega-3 and, thus, be an effective intervention in prediabetes. [13] Dietary phytoestrogens (isoflavones and lignans) decrease risk of chronic diseases such as diabetes through influencing the regulation of inflammatory pathways. [14] Few studies have demonstrated the positive role of flaxseed supplementation in improving inflammation, glycemic status, and oxidative stress among diabetic patients. [15] In a study on insulin resistant patients, flaxseed had a significantly positive impact on glycemic control and IS; [9] however, the sample size was not sufficient. Based on our findings, a limited number of conducted studies on people with prediabetes have reported contradictory results in terms of their consumption dosage. [16] The concentration on the development of secure and effective ways for preventing prediabetes progression to diabetes could reduce the costs imposed on the health sector. This clinical trial aimed to determine effect of flaxseed powder on IR indices and blood pressure in patients with prediabetes.
MATERIALS AND METHODS

Study design and participants
This was a randomized controlled clinical trial and it was conducted in 2013 in Shiraz, Iran. Based on previous data, [9] to detect a change in mean homeostasis model assessment IR (HOMA-IR) of 1 standard deviation (SD) and to have a power of 80%, and 10% dropout rate, the calculated sample size was 33 in each group. In this trial, 99 prediabetic men and women were randomly selected from prediabetic patients screening project, all recruited via phone call, from Cardiovascular Research Center of Shiraz University of Medical Sciences. Participants were considered eligible if they met the following criteria: (a) The body mass index (BMI) of 25-34.9 kg/m 2 , (b) fasting blood sugar of 100-125 mg/dl, (c) not use of insulin and other glucose lowering medications or herbal supplements, antioxidants, or omega-3 for at least 3 months before the study, and (d) willingness to participate. Exclusion criteria include (a) an inability or unwillingness to participate, (b) diagnosis of type 2 diabetes, (c) use of flaxseed, flaxseed oil, or omega-3, insulin or hypoglycemic medications, and dugs containing estrogen or progesterone, and (d) pregnancy or breastfeeding.
On the first visit, the study protocol and objectives were fully explained to all participants before they were given an informed written consent to sign. After a 2-week run in period, participants were randomly allocated to three groups who received 20 g flaxseed (FG20) and 40 g flaxseed (FG40) as intervention groups and a control group (CG) by random table. For 12 weeks, intervention groups took 40 g and 20 g flaxseed and the CG received no intervention until the end of the study. Flaxseed were milled and prepared by researchers, packed in 40 g and 20 g packets. All participants were scheduled to visit clinic every 2 weeks to obtain new flaxseed, and their adherence was evaluated. They received verbal and written training to keep the milled seed in the refrigerator and take it along with their meal in yogurt, milk, juice, or water. They were also asked to replace it with the same amount of carbohydrate and fat in their diet. While on the study, participants were instructed to maintain their habitual diets and levels of physical activity. They were tracked to follow the intervention protocol through phone call, once a week and in the face-to-face visits. Participants were asked to return any unused flaxseeds and adherence was assessed by counting them.
Measurements
General and demographic information questionnaires were filled out by the participants at the beginning of the study. Anthropometric parameters (height and weight) were measured at the accuracy of 0.1 kg by a BC-418MA device (Tanita Company, Tokyo, Japan). Height was measured by a tape at the accuracy of 0.1 cm in the standing posture by the wall without any shoes. BMI was calculated by dividing weight (kg) by square height (m 2 ). Blood pressure was measured with a digital system (BC 08; Beurer, Ulm, Germany) whereas the participants were seated for >10 min. The average of duplicate measurements was considered for blood pressure. All measurements were done between 8 and 10 AM whereas the participants were fasting and not allowed to smoke.
After fasting for 12 h, blood samples were collected at the baseline and the end of intervention. Fasting venous blood samples were collected in 10 ml ethylenediaminetetraacetic acid-treated vacutainers for insulin and fasting glucose analysis. After centrifugation at 2600 ×g for 10 min, samples were liquated and stored at −80°C until batch analysis.
Concentration of fasting serum glucose (FSG) was tested by colorimetric enzymatic kit made by Pars Azmoon, Iran, and concentration of plasma insulin was calculated by Diametra kit of ELISA. IR was measured by HOMA-IR index and beta-cell function and IS were measured by HOMA calculator version 2.2.2 software, Oxford University, Oxford, United Kingdom. SPSS 16 software (IBM Company, Armonk, NY, USA) was used for data analysis. Data normalization was evaluated using Kolmogorov-Smirnov test. Data are expressed as means (±SD) change for each end point period. To compare means in the three groups, one-way analysis of variance (ANOVA) was used, and once a significant change was identified by ANOVA, Tukey test was performed to determine which groups differ. Furthermore, for comparing means in each group before and after the study, paired t-test was utilized. P < 0.05 was considered statistically significant in all tests. 
Data analysis
Ethical considerations
RESULTS
Ninety-two participants completed the study [ Figure 1 ], and overall compliance by the participants was estimated as 93%. The baseline data were compared in three groups [ Table 1 ]. There was no significant difference between the groups in terms of qualitative and quantitative variables at the baseline.
Comparisons of mean of glycemic and IR indices and blood pressure are shown in Table 2 . As shown, FSG significantly declined overall in the three groups (P = 0.002 in CG and FG20 groups and P = 0.001 in FG40) compared to the baseline. In contrast, mean of the changes in FSG was not significant different between the three groups. Insulin concentration did not change significantly within the investigated groups compared to the baseline and also between the studied groups. Although it was showed a significant reduction in HOMA-IR (P = 0.033) in FG20, this difference was not significant between the three groups. Beta-cell function in all the groups increased compared to the baseline, which was significant only in CG and FG40 groups (P = 0.044 and P = 0.018, respectively). Mean of changes in beta-cell function did not show any significant difference between the three groups. Comparison of IS before and after the intervention showed a significant increase in IS only in FG20 group (P = 0.033). This difference was not significant in other groups before and after the intervention and also between the three groups.
Comparisons of mean of blood pressures are also shown in Table 2 . FG40 group had significantly lowered systolic blood pressure at the end of the intervention (P = 0.005) 
DISCUSSION
The present research showed that 12-week supplementation of 20 g or 40 g flaxseed powder has not significantly reduced FSG, insulin concentration, HOMA-IR, beta-cell function, and IS but can reduce blood pressure in prediabetic individuals.
Benefits of flaxseed on glycemic control in prediabetes have not been well studied. To the best of our knowledge, very few studies have examined the effect of flaxseed on glycemic control in prediabetic people. [16, 9] Other randomized clinical trials have reported flaxseed's influence on glycemic control in people who have type 2 diabetes [11, 15] or are healthy [17, 18] or in dyslipidemic people. [19] [20] [21] A study conducted by Taylor et al. on individuals with well-controlled diabetes was consistent with the findings of the present study and showed that taking milled flaxseed and flaxseed oil supplement had no effect on glycemic control. [11] Further, in the studies where omega-3 supplementation was given to diabetic people, no effect of omega-3 on glycemic control was observed. [22] In Barre's study, flaxseed oil supplementation had no effect on glycemic control in diabetic patients. [23] Despite lack of change in fasting blood glucose and insulin concentration after supplementation with flaxseed, Pan et al. reported improvement in long-term glycemic control in diabetic patients. [15] Different results may be due to different sample sizes, [9] different flaxseed doses, [9, 16] differences in administration methods of flaxseed to people (baking in bread, milling, lignan extracted from flaxseed), [9, 15, 16] disease status of participants (type 2 diabetes, prediabetes, or hypercholesterolemia), [15, 16, 19] or lack of CG and different types of design. [9, 16] Some studies, despite reduction in IR, are consistent with the present results due to the lack of changes in insulin levels. [9, 15, 24] Although flaxseed supplementation appears to be ineffective for glycemic control in diabetic patients, in patients with prediabetes, despite the limited number of studies, a significantly positive effect of flaxseed on glycemic control has been found. [9, 16] In a study published in 2013 by Hutchins et al., low dose (13 g/day) of flaxseed was shown to have a positive impact on fasting blood glucose in prediabetic individuals; however, flaxseed consumption showed no decline in long-term blood glucose levels. [16] Examining probable long-term impact of flaxseed on glycemic control requires further studies. In a study by Rhee and Brunt, obese patients with IR received 40 g milled flaxseed for 12 weeks and finally IR showed a significant decrease after the study. [9] Studies by Hutchins et al. and Rhee and Brunt on people with prediabetes have demonstrated reduced HOMA-IR and IR after consuming flaxseed [9, 16] as similar to the outcome of this study in FG20 group. It seems that flaxseed supplement at the early stages of diabetes has a positive impact on reducing IR; however, this intervention is ineffective at the diagnosis stage of diabetes. Effect of flaxseed on reduced IR can be predicted through two mechanisms: First, antioxidant impact of the fiber existing in flaxseed and second, effect of omega-3 content of this seed.
In the present trial, flaxseed consumption in FG40 group had significantly lowered systolic blood pressure at the end of the study than did FG20 group and CG group and compared to the baseline, but Stuglin and Prasad published inconsistent results with the findings of the present study and flaxseed consumption did not lower blood pressure in healthy humans. [25] On the other hand, Paschos et al. showed a significant reduction in blood pressure of hyperlipidemic men which is consistent with our results. [20] In this study, since people with prediabetic did not use hypoglycemic medications, using these drugs was not a confounding factor. This issue was one of the strengths of this work. However, the limitations of the study must be taken into consideration. Giving no placebo to CG is one of the limitations. Moreover, the changes observed in overweight and obese participants cannot necessarily be extrapolated to all prediabetic individuals. In sum, based on the findings of this study, flaxseed has no effects on glycemic control in patients with prediabetes and its recommendation as a dietary component for prediabetic patients requires further studies. Studying probable effect of flaxseed on long-term glycemic control as well as isolating lignan from flaxseed to separately observe effect of lignans and omega-3 in individuals with prediabetes should be continued in future studies. It is also suggested to measure indicators such as alpha linolenic acid (ALA) percentage, hemoglobin A1c, and inflammatory factors in future works.
CONCLUSION
Daily intake of flaxseed powder lowered blood pressure in prediabetes but did not improve glycemic and IR indices. Between-group at the baseline and end of the study based on one-way ANOVA; ‡ Within group difference based on paired t-test; § Comparing mean difference (before and after) between three groups based on one-way ANOVA. SD = Standard deviation; FG20 = 20 g flaxseed group; FG40 = 40 g flaxseed group; CG = Control group the research assistants who participated in this project for their effort.
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